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Study of Heat and Acid Treatment for Hectorite in Turkey Boron Deposit
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Qo Lis Eete A2HA 2HE|E Ade FETo|EV} ET] AR HA 79 Fag gl
O&F SAsts 2ol FdEen, Lie £3ds dELo|EE gF AdozAY Ad 7Hedo] =
7] wEol B2 A el Ha vt FEeto|EQ] A& wEte} iol thik A2 Al A8
< FeliA vl T8 AAPoE B8k ofF ghdstA ofsi®E Zlo] itk ol AFelM = B
Tadd T Lo ol 7H3 1:—;—8 HIZFG A gl AFE HER L o] &8kt AT HE
FA ol EAst= FE2]ES Stoke’s Lawe ol&3t] T F & 5 4t Ae APe AAlsko]
574 WstE AEs is“Er’f‘rolEi 84C HolA Fare B S| ol o7 A7t Fant
ol dojutr, 600C o] F ZAAFe] o o7k FERgo] dojdth Ao FIAWEE °F 6%
B TF Fas THETh 762C F2oA FEdo|EV) ¢854, AusEdeelE Yl nigd 4t
3 FEZ B 29ikso] dojdth 0.1 M FE9 Fr4o 2 (A7t dEGOES HEAZ
A3t g4t = it > ik oz g3 =T l_?—;—%b:}.

FR0| - YEo|E, B7] B4 F, dF, A A, €4

ABSTRACT : Li-bearing hectorite, one member of trioctahedral smectite, occurred large in quantity and
confirmed in Turkey western sedimentary boron deposit. Li-bearing hectorite attracted a particular
attention because it is one of potential lithium resources. There have been no consensus for the change
of hectorite due to heat and acid treatment although it is very important to use in industrial
application. In this study, we examined changes of hectorite after heat and acid treatment as well as
acid treatement followed by heating. We used clay ores collected in Bigadic deposit, which contained
the highest Li,O content in Turkey boron deposits. Hectorite showed a strong endothermic reaction at
84C due to dehydration of absorbed water and interlayer water and a weak endothermic reaction
above 600C owing to dehydration of crystallization water. The first endothermic reaction

*Corresponding author: +82-55-772-1474, E-mail: hgcho@gsnu.ac.kr
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accompanied a large weight loss about 6%. Hectorite decomposed into enstatite, cristobalite and

amorphous Fe material at 762°C with exothermic reaction. When hectorite reacted with 3 kinds of 0.1
M acid during 1 hours, it had a good dissolution efficiency with H,SOs = HCl > HNO; in order.

Key words : Hectorite, Turkish Boron deposit, Li, Acid treatment, Heat treatment

Aoz
Mg M B4 FEE ol F3) He
434 2, ofd 4, UA 2 oFF 5

thdol A o] §H L glom, T a7}t wid St
she FAlolth A AARCE PE wiEES
1,3509F B2 ZAEH(USGS, 2015), 215 A9
< OFE 43y HIOntEe]|E FAoERE 3
FH 3 JTHKim et al., 2010; Lee et al., 2013).
gE5S Fshe FES g Eol3 A(spodumene),
7 (amblygonite), &-E(lepidolite), H4]
(petalite) &°] thEA oM, o] Yo% FAHEO]
E(eucryptite), FEZ ] E(hectorite), A|ETO|E
(jadarite)E Y53t 145F o]do] EAFTHKIm
et al., 2010). Z=9ElE AFo S EZo|EE H
7] A B 7149 BAagelA v EAshs
Zol gl e, A i A N 7sA
ol B #Ae tiide] Hil SItkHelvaci,
2004; MTA, 2013). ZHElo] ESL2 A EA| g
ALZUO|E ofFi} o] ZHAF ] ERIEUO|E
ofFo® FREE, FELO|EE AIHA 2~H)
Elo]E AEQ] 3 Ee}o] E-AFE O] E(saponite) 7
ol Lh= F=2A, LiOE 1% o1 &+hdta,
T2 WellA OH71E A&shs F7F 4% ol &+
H s 4k FECITHMoon, 1996; Kim,
2003).

F O AEZE AEE B4 gide] Ha
U= 7l w5 A A AAl B4 AL 90%
E Fashe AAAR] BA A4k O E(Helvaci,
1995, 2004; Koh et al., 2014), E]7]o]= Hl7}bt) 4]
(Bigadic), °ll#l(Emet), #2283 (Kestelek), ZZ7}
(Kirka), €&r2Fe]Z(Sultancayir) 5 A 712 o
FAR] Aol QIthFig. 1), 54FFES U
i S 5713t 5¢ S S ClA FAE
gl &Aoo m(Helvaci, 1995, 2004), E17] &
2BgE Ao R SAFAE HIESt A9
ARQ S3ISh AES, dEd A3 o= 74
Ht(Inan et al., 1973; Helvaci, 1977, 2004). E
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Fig. 1. Location map of major boron deposits in
western Turkey.

7] aagdolA AEEE HEZAY Li,0 TF
2 OIFE 0.17-0.58%81El, vl7}CiA] FAde] &
ZHOlEZL 0.71%E H7] A& 37l 7HE B2
2 5S 3K Helvaci, 2004).
dEejolEg] @ 5 A AFE AQH A
5% 9% 54 Wb EE VU 2oEo] £
83 542 olafstr] 918l T = UK Green et
al., 1970; Komadel et al., 1996; Madejova et al.,
1998; Rompaey et al., 2002; Chae et al,, 2008).
HEgo|EVF 980 PgetA EAE F e
A == d7ATE ZHol7t AT Bradley and
Grim, 1951; Green et al., 1970; Earnest, 1983;
Chae et al, 2008), 1204 E3|=A <3134
(enstatite)} ] 2ERFE}IO] E(cristobalite) 7} 343
Hoh a8y AARE B30 L S1te 2
S gol2ol et 22bd F A Green et al.,
1970). YESC|ES Hal 259 4 FES T
ol EAfsh= ol wet 2ebd 4 e,
NaZ X3H¢ SEfjo]EC] - 700TolA 3}
A, Ag2EdolER EaiHal, Li2 E34H
g Eglo|EL] 4§ 850TColAM &334} g F f
2+ 33 (lithium silicate) 2 -3 F THGreen et al.,
1970).

el EL FEES Ao 7 AP 2: 1%
< TSk 84 F ZAAES AUy o= g
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3, ApEA S 8- =2 Y=tiFahn and Fenderl,
1983; Yoon and Moon, 1994, Madejova et al.
1998). S Eeto|EY 1A e AFEL F714ke] &
Foll w2 Li, Mge| &&4d3o] F& o] Foxth
(Komadel et al., 1996; Rompaey et al., 2002). T
74kl e &8 AT ARt Axp) ge
d], Komadel et al2 Li, Mg &5 §4F > A4k >
oz YAgE B8llsS Kol RHA, Rompaey
et al> AAHSZ ik > A > FAF o] A
S Ho|AHh 7t TR WE dHAo] fith o]
3k 23] EYX = AHEH FESCIE Mg &
AN Atold] ME AR E o0 Ho
= L AT BE 0.25-1 Mo F2 W9
TLollA AEES WPt dAIE 7RITh wEbA,
oJH AFIME 10°-1 M| B W99 4t 7=
oA A Eto|ES EA WHIE A H iz} ST

oA A nie} 7ol dETo|ES IF W
3le} 4bol] i3t EAL ol % AtHE ofs = A X
st Stk ol AFAE EHY B4R F
Li,O o] 7H =2 H|7It) x| F7dollA AF =
HEZNE olgsto dEgo|ES d B 4k Ay
ARS AN & d I A APl gk 4 ¥

3= A=Esk

—4

fr
(SN

Y
o

AT Mz 3 AU

B AFdAE BY 5434 F L0 Tl
7V =& HIZIH R BAdellA AHE 1179 HE
BAS ARSSATE HIZHO A Bt HEZA L
S|AL A =S Ak B ThoFeE S w, XA
3]4(XRD, X-Ray Diffraction)=4] A3} g Ez}o]
E, BAFE(ZE ol E(colemanite), =Z|Alo]
E(ulexite)) ¥ BHAFH FECES|A], WA, ol
T E)ER o] FoA gtk 53], & A7 o
4% 14Bigadic-172 dEZO|EE H|E3 WS4
e oz o] Fox Urk(Fig. 2).

AAE HAEFAHOZHEH 59 dEHO|E
HEsh] flste] HRApES o] gate] TS
6% ISR H0)E o838t 3-593F A
NA F71ES AASIL, Stoke’s lawol Wt 2
pum °J3t YEE 7HAE FiES EEEidth 3
H AE FEe sfole ST 9o gl Ysle
‘smear-on glass slide’ -5 o]-8&ste] AHAAIH
< AFsta, XAFERNS 53 dEH)ES

gl

rlo ot

94 Heol B 54 AT
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Fig. 2. XRD patterns of 14Bigadic-17 from Bigadic
deposit. Hec; hectorite, Cal; calcite, Dol; dolomite.

ATAYGoNA A=H = HEZo|E ol A}
+ Li¢ FS Yobrr] 98] XRD &44%E
Soff 2~HEle|EA A= ko] 2 4749 A=
£ A3 3, JEGo|ES Relstd 45 o &
g A=A SR REEEA(ICP-0OES, Inductively
Coupled Plasma Optical Emission Spectrometer)
< AAE ICP-OES #4 Ay} Lio] d3Fe
600-2700 ppm®| W H9IZ UETE o] F Li
o] deko]l oF 2700 ppmlE JHE B AR
(14Bigadic-17)E & 2 AF A7 A7l o] 833
ot AAHE A8 14Bigadic-17-& 3ol EAs=
Liol & dopnr] 93 ofole g AN}
gom, 49 Az sEeto|Ee] F7le| EAFHE
Lio] g2 oF 45 ppm &2 th 9] Lio] A2wd
A Woll A8k

gEetolee] A7 54 Wals dohus] Y3t
o] AZFEEA(DTA, Differential Thermal Analysis),
GFHEA(TGA, Thermogravimetric Analysis) 2
NAEZFHEA(DTG, Differential Thermogravimetry)
< AAEIGEE EEAL 10 Tmingl 452 900T
M 255 F7MFTE B 7HERAA 250,
550, 850 T2 5A13F &< F3] 7Fdgk & XRD
B39} FAAAAE A (FE-SEM,  Filed-Emission
Scanning Electron Microscope) #2g F3alo] W
stH AeE Skt

A Al e 54 WslE dothy] 95k, 3
THA F71aK B4, ALl #ih S o] 8ste] FRo
e 4 AgE AAEAT A AEE 1, 107,
102, 107, 10%, 10° M9] F7)4ts} Bejd =
°JEE 20 : 19 HIZ, 90CE 7}dsY 1A7 &
ok w3t on, Bkgo] Z dojd & JY=E T}
d F B5°] EEFAUh =3, A A A
gl M= dFe LrI9El 250, 850T AzE
JEgo|ES @ikt wRAIZTE 4 A7t 2d
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o] A% T Zavt YehuH, o]% 600C7HA]
2%9] A|&2Q0 TAE BRIt 600 CHE = Hlw
2 FAsA 745 800 T7HA oF 4%9] 7t
27) dojdt). ol¥g T3 DTG JA4lS
B3l A 255 & 5 Aok AF=2olA 100T7}
A8 & F% taE 84TE FAoE Wit
°]% 100 CH-E 600 C7HA= 72| W3} glo] 94
Sl FrAIE AR 600TCo o]27] WH3lgko] =7}
sta, o]%F 762ToA & TEHspl dEHEoh
DTA oA Yehues FEdhs 9 daEyt
TGA

olo
o rlo

(o) i3

o 5

L8 XL

S
oA e T w3k
2 =0 A HASTE A2 F FI-ES 841
FAOE HAFHY, o9} i B FHF
AL, 600 TCE AR E Yehe §4Ent
At v o F gAY 2571 ST
g} T dawo] AT T3 762CAA Yo
= HERES dA T AAE FHRith

£ DTA, TGA ¥ DTG ZAS& %3

WSO tigk AAIRE R

2o Mg ridshd A

S ol A E(F1

P Eratge ofg FaETEo] AZE A, 112

o2 71aA AAHOH)2 <ol e dEs|r}
ot Moon, 1996).

i

A
o0

AL rfo oot

o

A Ego|ES HIRZ ~HE|ESS X3H o
2o we} gpAge] 257 kel AolE Ko
A9, o7l 100C AFelA F2 9 ol A
Fe Bl wrgol ofFold & IrkEames,
1983; Paterson and Swaffield, 1987; Moon, 1996).
7] HI7H A B4 3 FEgo|EY i A
7} 84T FIZoA F7F it A FENsol
BEHLY, o= FHAF 8 F5e] SEA G
o)t Zow Relx|, Ankael dEajol gl v
3 opde Wk

A ESE HERlo|ES T35}
R

¢

Hr Lo

= ma)
o3 whgo] o2y
!

Yofudrt

o
-

(Earnest, 1991). 53], A EO|EE AHF Y5
2 A3 FA FEukgo] 700T AT A A=}
=H, 930 ool HojoF FAHATT 4HA 3l
THEarnest, 1983; Moon, 1996). £ A& Az}l A,
600C o]%ol WA3H= ot T At §4
WSS AR Te] "ol o3 Ao Wty AX
Fo 2= 600TCE AIZOE ©F 800T el o2
2} 0|9} e A= JETo|Eo| digt 7]
AT At vl A4 grzhgo] AR 259
TA =7t BF A YA YeRdth olig A
ol ARH, T 2%, 7I7] 1 Sl wE 2=
He7F th2A Jehd  JoH, =3 dEgo|E
of gt AgsstEQl BAo] FHoz HPH
oA B} G3g e ¥ 5 3le
ok

4%°] F%F AT FHete
F2oA e,
7 S Egto|Ev} Ha ke AR 3
EfpolES EdjerEs ATFAmit @ Aot
7] W&ol (Bradley and Grim., 1951; Green et
al., 1970; Earnest, 1983) &3t 348 ]3] =
°]d XRD, SEM #4& T3l ZAs|d + stk
AP E I3 EWsie} 762TC F2olA YE

= HENkEe] At M 9t dAEld
dEglo]Eo] tiale] XRD BAE AASH
(Fig. 3). @A8E 29 S5 g52-80]
B 4= Qe 250, 5508 AEefo|EQ] Haj
7 HAE 4 QlE 850ToAlA FHE AT FAE
A Y Eo|E F3F AW 1HHL 12.67 A°lA
ok 250CE EAEY gztgoz s 3¢
AWzIA0] 98 AR 7adta, IAAET} ulS-
wolzitt, stARL FEgto|E] EAL IR
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Fig. 3. Thermal analysis (DTA, Differential Thermal

Analysis; TGA, Thermogravimetric Analysis; DTG,
Differential Thermogravimetry) of hectorite until 900 C.

2A8kaL k. 550 C=E A= 250T A&
H dEgo|ES} FU HEgo|ES B
adz fA"EY 28y 850C2 FAEEHE &
Effo|ES EAL 3] ApAL, 4shEAM
FyrEdgo|E TIga vAd AR BajHn)
wzb DTA 349 762C FZolA Yehs &
Nk dE | EV} BalEHe 259S 1T
T glom, 7] A7 AREH TYsA 9351314 4
FYrERTO|ER BalEe As RIS
A%k A S EfolEof thgk dAE Aol wE
W Y Ego|ES B 259 ¥4 FELS S
EAshs ool wet Gt 4 =Hl(Green et
al., 1970), NaZ %315 dEglo]EQ] 7% 700T
oA s}, FE|Edelo|lER Fal|Fa, Li
2 ¥}y dEgo|ES A4 850TCA 25134
I g5 T SE(ithium silicate)2 23 @ th
(Green et al., 1970). 7] HIZ}A] g4 3370l
A AAEEE Y ESO|EY 23l 25 thE 760T
2 Z7el EA3He ol NaZl $AE Aoz
g5 5 Utk

dxzle FE|E g SEM #E AAE
Fig. 4o YERAITE 250 CE G4 ¥ FEg)o]
Ex A A7 vuste YA 2717 FolA|a,
Q]Zo] T2 L KFig. 4A, B). 850CZ <&
A HH AP o dEgo|Ee= s thEA
] YA e e E viY, 739 9
A= g FEFTHFig. 4C, D). A dAe] 4
ol - 1 pum °J8}, 2 100 nm ©o|ato|m,

I}
r ‘ E
“ a |
| - | ‘
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Fig. 4. XRD patterns of hectorite after heat treatment.
En; enstatite, Crs; Cristobalite, * amorphous material.

ol TAA F BogE olF1 AUtk A
Zboll tigk EDS w4 23 o] 2 Sist Mg
o2 FAH o A HEH Au peake
EDS 48 #3F gold coating®ll &3t peako|Th
(Fig. 4E). EDS Z#Z XRD 4 ZAxs} 3 =
FaEH, Fde] YAES H33M HoE #
Paa2l=s
T3 YAEL FHo| A EHoln, 79
A28 10-20 pmo]th. EDS £4 A3} FE FeE
T th(Fig. 4F). ©] =2 Y= Felet EDS #
A AFE Tl nAd Askd FEZ AR =
o, o] 4skd PEL HE|E FAHA Uil
EAske 4279 Feoll ofsiA FPHUE Zlo=
Azt
A or JAEZHO|Ex oF 84ToA
2 FUNFY gFAge o3t At
o WA, 1 o|FE AAFY TR Q
Frrart BT 2R g4 600 C7HA]
2%°] FFEAZ =g A AYHATE 600T ©
2243 Z3yEo} of 762ColA | Eelo|EQ)
. Y EZ|ES = XRD,
SEM 415 Fotd ¢313]A, Fg|aEdgo|E
At FEE BaEe Aol gl

ol ot

(s

g B
ol f )

s Eat0|E0] A 2

AEglo]ES] gal= WS AlZHa wRSAIZ) AR
9] F=xd wet F7shH, 0.25 Mo Ao 2 Ag
b 739 8AIZE o) AElshd tjRE &= A

kel
o2 dHA JtHRompaey et al., 2002). ¥ AT+
dME FY3I A A1 hyelAd ke Fxrt

10°-1 M2 W& ¥YZE ZAsly Fxo w2
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Fig. 5. SEM photographs and EDS patterns of
hectorite. (A) untreated, (B) 250 C, (C) 850
heated, (D) enlarge of C, (E, F) EDS pattern of
mineral E and F in C.

&} itk FEolE AW 3t

2 = T4 14-15 AeE Z7}
ITHFig. 5). EEERE 23] AHRH, 107-107°
v T Aol A FUg AaE
Holm, 4ko] FFol| w2 zol= A9 gl 10!
MellAE F714ke] FF whet 318 939 7
T a7t yepdth Fitoz At v w5
2 e dEgo|ES} A FUsA|RL it
Fatoz Adstd - ETL ulg- wopxith 1
MolAE Al 7HA] 571444 B5 dEgo|E 3
A7} s AA=EL v 93k Yepdt.

XRD #4472 g8 5s EHstA 7S
= QAT IEA 939 AEE St
ztols & 4 ATHRompaey et al., 2002). A
A4 1 Me] F7|xt s dERo|E E4
o] ¢hd3] AlA L HAA BT Y=tKFig. 6).
ARt o g ~HE|ES FEES A A A
Az Mgy g2 Ao AMAAE 93l
THFahn and Fender]l, 1983; Yoon and Moon,
1994; Madejova et al. 1998). 1 Mol|Ae] HFE

=< Z2HE|ERS 4F AE] Aol yeius

PN

T

o]
R

HIAE AFHA R AdEy, BE Fr)sklA 5
A AT T2 97t dojd Zle s Held,

10" M9 A5 714k F5ol wE I E]
E 939 ZA=rt FEEHA FRE, 34t = o
b > Ak o2 gefiso] Fra & 4 Qv 8t
2%k, 107 M o3ke] FEoAs Frl4ke] /ol
& AT Aol A UEhA] Gt 4
A& Q3 720 H7F A dojuA] §gke
o, F7)4ke R mE Aol HEs] IE
th @& T Aho] FEgo|ES T2 H|X|:=
FEFE &7] SlsiAe F7HQ A7 2o A
o7 Helth

F71AH G A4 g o] 83 FEgo|EY
Gallv dF A7AE o3l ATEHJEE, AT
Zol| Wl g 2jolE RHoFETHKomadel et al.,
1996; Rompaey et al., 2002). TL3 £5d H-$
A = A > ko) =9 7% (Komadel et
al., 1996) UAT, G4k > A4 > G4k o=
gaf50] £& A= AUthRompaey et al.,
2002). ¥ A3 AFeA= HE 10" M| FE
ARE FEo] 7hssARE EalleS Sk > Ak >
AL o8 F AR Aol 259 zpo)7t 9l
o} ol2fgk Apol= Aol o] &H HETO|EL] &
dol 211 A58} Ake] H], AP O] Afolof| A
s = o7 HEn

J%ARE 10" M| AHE Tk 147 F2t
o] WhgollAe Al 71A] F714 & ko] THE =
S 385 RS ¢ T Aok =3 1 M o)

_o/]
TR HESOIEY SHE Be 4= 8
l7E dofd = 2lom, 107 M °lEte] =& 3
A A5 9= WA 5 AER dFol Ao

l

S & 4 Uth

A Ego|E tig X7} Abzte] Hhgol of
we g v
A e
39 thFig. 7). @x8l= 47t 250, 850CE ©]
FolFth 250CE F3 9 S| €434
T doju= 250lH, 850CE JEDo|ES
37} o] FojA = ex 7 Zhzte] Walsl Akytol Hl
SoA AwE S PIX=AE XRD #41&
3 golE Tt

250C Aggt AEo|ES 4F Mg Az A
Y2 Q3 9.8 AoE ZAHUY F3F AHztEo)
13-15 Ao Z7I3 o= Fxo wet 2Zo
ztol= AR EAe] A dEe|ES] Ak A ZE
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/ \12.57A HCl / 12.67A HNO, / 12.67A H,S0,

14.5-15A
14.5-15A Untreated

Untreated
N — AR PR
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Fig. 6. XRD patterns on residue of hectorite after acid treatment.
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Fig. 7. XRD patterns on residue of hectorite after acid treatment followed by calcination. (A) 250 C, (B) 850
C heated. En; enstatite, Crs; Cristobalite, * amorphous material.
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of o3t Aoz B AT, & wel = oMol Aol dis] WA ukeEle] EAE
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2L e AoR AddEn g 760°C oldom Exlgste] sk, e
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